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Wc have developed a novel "real time" quantitative PCR method. The method measures 7CR product 
accumulation through a dual-labeled lluoroeenlc probe (Lc., TaqMan Proba). This method provides very 
accurate and reproducible quantitation of Rene copies. Unlike otter quantitative PCR methods, real-time PCR 
does nor require post-PCR sample handling preventing potential PCR product carryover contamination and 
resulting In much faster and higher throughput assays. The reaMlm* HCR method has a very large dynamic 
ranfje of starling target molecule determination (at lean live orders of - magnitude). Real-time Quantitative 
PCR i* extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important role in many fields of biologi- 
cal research. Measurement of gent expression 
(UNA) has been used extensively In monitoring 
biological responses to various sliniuii (Tan el al. 
1991; Huang el al. 1995a,b; Prud'homme et al. 
1995). Quantitative gent? analysis (DNA) has 
iH-cn used Ui d«i ermine the genome quantity of a 
particular gene, as in the case, of the human HER2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(iliV) buTden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1 993; Plwtak ct al, iwMr, 
J'urtado et al. 1995). 

Many methods have been described for tin: 
quantitative analysis ot nucleic acid sequences 
(both for UNA and DNA; Southern 19/6; Sharp et 
al. 1980; Thomas 1980). Recently, PCR lias 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (RT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This lias made pos- 
sible many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 
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that h be uaeU properly for quantitation (U»«y- 
maskers 1995), Many early reports of quantita- 
tive: PCR and RT-PCR described quantitation of 
the PCR product but did not measure the initial 
target sequence quantity. It is essentia) to design 
proper controls for the quantitation of the initial 
target sequences (Pcrrc 1992; Clement! et al. 
1003) 

Researchers have developed several methods 
of quantitative PCR and RT-PCR, One approach 
measures PCR product quantity in the log phase 
of the reitalon before the plateau (Kellogg et al. 
1990; 1*ang ct al. 1990). This method requires 
thai each sample has equal Input amounts of 
nuclei** add and that each sample under analysis 
amplifies with kleulicil efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tiluttf such as p-aclln) can be used for tamplft 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gd electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are. analyzed during the log phase 
of" the reaction (for both the taTgel gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-RCR, has been developed 
and is used widely for PCR quantitation. QC-i'CR 
relics cm the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Watak ct ol. Id93«,!>). Thv efficiency of each re. 
action Is nonualbwd to the. internal competitor. 
a ktmwn auuiuui at internal competitor £an be 
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added to each sample. To obtain relative 0"*"!- 
tatlon, the unknown target PGR product is com- 
pared Willi the known competitor [KM product. 
Success of a quantitative competitive I'CU assay 
relitts on developing an Internal control thai am- 
plirira with the same efficiency as ilie uugel mol- 
ecule. The design of the coiupcUtoi and the vn)l- 
daiion of amplification cfficicjiejc* jequire a 
dedicated effort. However, because Qf ^-i'CK does 
not require that PC W products be an My***! during 
the log phase of (lie amplification, it is th« easier 
or tlitt two methods to use. 

Seven 1 detection Mysicius aiv uwJ for quan 
Utative l'CK and RT-PC:» analysis; (1) ugurt*c 
gels, (2) fluorescent labeling of PGR products and 
detection with U.n-.T-indueed fluorescence vising 
capillary electrophoresis (husco ct ah 1995; Wil- 
liams et ah 1996) or acrylaiuidc gels, mid (3) plate 
capture and sandwich probe hybrid I x*u ion (Mul- 
der el ah 1994). Although these methods proved 
successful, each method requires posl-PCR iiui- 
lllpulaTlons That add time; to the analysis and 
may lead lu htbuiatuiy i unhurt ination. The 
sample throughput of these inrthodN i.% limited 
(wllli the exception of the plate capture ap- 
proach), and, thurufnri:, these methods are not 
well suited fwj u.ic* demanding high sample 
Throughput (i.e., screening of large numbers of 

hlotiLwlcnulc* i*i analyzing Samples i\ti dia&ii(-»- 
tic* or clinical tricks), 

Merc we report the development of n novel 
iissay for quantitative IWA analysis. The assay is 
baved on the wsr. of the Ft* nuc-lea.se assay first 
described by Holland et al. (1991). The method 
uses the 5' nuclease activity of 7W</ polymerase to 
cleave a noncxtc.ndlblc hyhridlzation probe dur- 
ing the extension phase of I'CU. The approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lcc el id. 1993; J^assler ct al. 1995; l.Jvak 
et id, -)99£o,b). One fluorescent dye. serves as a 
reporter |PAM (i.e., 6-carboxy fluorescein)! and its 
emission spectra is quenched by the second fluo- 
rescent dye., TAMRA (i.e., ri-cat-boxy-tetramethyl- 
i hodaminc). The nuclease degradation of the hy- 
hrldi/aitUni probe releases the quenching of I he 
I 'AM fluorescent emission, resulting in an In- 
crease In peak fluorescent emission at SJb nm< 
The use Of a sequence detector (Al)l Priam) allows 
measurement of fluorescent spectra of all 96 wells 
of the thermal Cycler continuously during the 
PCK amplification. Therefore, the reactions ttie. 
Hioiittored in real tuner The- output data is de- 
scribed and quantitative analysis of input target 
I )NA sequences is discussed below. 
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RESULTS 

PGR Produce Derectlon in R«al Time 

The goal was to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasmtd encoding human factor 
VM gene sequence, plfcTM (see Methods), was 
used as a model therapeutic gene. The assHy use*; 
fluorescent Taqxnun methodology and an instru- 
ment capable: of measuring fluorescence in real 
time (Alii Prism 7700 Sequence IVlcr! ox). The 
Taqman reaction requires » hybridization probe 
lalxdcd with two different fluorescent dyes. One 
dye Is a reporter dy« (1«'AM>, the other ix quench- 
ing dye (TAMRA). When tiie proln: is Jnlacl, fiuo- 
ic&ccnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During ihe extension 
phase of the PCK cycle, the, fluorescent hybrid- 
lotion probe Is cleaved by the S'-.'V nuclcolytic 
activity of rhr ONA polymerase. On cleavage of 
the probe, the reporter dye emission Is no longer 
transferred efficiently to the ijucne.hine, dye, re 
suit ii if; in un hierc-ase of the reporter dye ftuorcfc- 
eent enitxilon ftpectra. VCIK primers und probuN 
were designed fix the human factor VJ1J se- 
quence and human p-actln gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe and 
magnesium concentrations yielding the highest 
Intensity of reporter fluorescent signtil without 
-sacrificing specificity. The Instrument uses a 
chaise-coupled device (i.e., CCD camera) for 
measuring the fluorescent emission apcetru from 
5jOO t<> fi50 nm, Kach PCK tube was monitored, 
sequent iahy Un 2/1 rn.sue with continuous moni- 
toring throughout tlu: amplification. Uftt'h tube 
wu-i rr.-cxaiidncd every B*5 see. Computer JK>fi- 
wnre. wa.s designed t<i exairiijir the fluorescent In- 
tensity of both the reporter <iy<- (I- Aivtj and 
the quenching dye (TAMRA). The lhiorc.so.cnt 
intensity of the quenching dye,, TAMRA, changes 
very little over the course of the PCR ampllfh 
cation (data not shown). Therefore, the Intensity 
of TAMRA dye emission serves «s nu internal 
Mandard wltll whieh to normulbie the reporter 
Oyv. (PAM) emission varindons. T)>e software cal- 
culates' *i value termed ARn (or ARQ) uslnj; the. 
following equation: ARn - (Rn J ) (Ri* 1 ")* where 
Kn 4 ■ ernissioji inlenshy of .reporter/emission in- 
tensity of quencher at any given time In A reae 
rion lube, and Ru r- emission intemsitity of re- 
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ponLT/cmiSfSlaii huemily i>f quencher measured 
prioT 10 TCK iunplilication in I hat same reaction 
tube. Vor the purpose of quantitation, the la.si 
three data points (ARns) collected iiuring the. ex* 
tension step for each I'CK cycle were analyzed. 
The nudeoiytic degradation of the JiyoiJt1i/*iiion 
probe occ urs during the extension phase of rtat, 
and, therefore, reporter fluorescent ciiiinmuii in- 
creases during this ilme. The thiec data points 
were averaged for each KJK cycle and the metiu 
value for each was plotted in an "amplification - 
plot" shown in J'itfure 1 A. The AKn mean value is 
plotted on the >'«axJ$, and time, represented hy 
cycle number, is plotted on the*-axis. During the 
early cycles of the T'CR amplification, the ARn 



value remains at base Une When .sufficient hy- 
bridization probe has boon cleaved by the T\U) 
polymerase nufl6Afi£ activity, the intensity of re 
porter fluorescent emission iiieretttivt.. Most POU 
amplifiv-Mjom read) a plateau ph«Nc of reporter 
fJuoreMV.nl emission. If the reuuliiui Is carriwl out 
to high cycle inunbcis. The amplification plot l r J 
examined euily in lh« reaction, ut a point IhAi 
icj>jcscnts i\w phase of prmUirJ arnnnula» 
tion. This Js done by us&ignlttg an aibiLiiuy 
'threshold thui \s based on the variability of the 
base-line dm*. In Figure 1 A, the threshold whs set 
at 10 standard deviations above the mean of 
base Unci emission calculated from tyuleh 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PGR product detection in real time {A) The Model 7700 software will consiruct amplification plot* 
from the extension phase fluorescent emission data collected .during the PCR amplification. The standard de- 
viation is determined irom the data points collected from Ihft base line of the amplification ploL C, values are 
calculated by determining the poinl at which the fluorescence exceeds a threshold llmil (usually 10 times the 
standard deviation of the base line). (S) Overlay of amplification plots of serially (1:2) diluted human genomic 
DNA samples amplified with £-actin primers. (0 Input DNA concentration of the samples plotted versus C T . All 
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the amplification plot crosses the throsholdivtlf 
fined as C r . C, is reposed us the cycle number & 
this point. Ar will be demon si rut iwl, the C. t .value 
In piedicdve of the quantity of input target. 

Cj Values Provide a Quantitative Measurements of' 
Input Targer Sequences 

Plgurc IB shows amplification pJoU of ]ii«diYfov. 
cut PGR amplifications overlaid. The Amplia- 
tions were performed on a 1:2 serial dilution ■««■ 
human genomic JWA. The amplified targel wa*. 
human p actin. The amplification plotv xhifl to 
the right (to higher threshold cycles) ns the Input 
target quantity h reduced. 'JT>ic is expected he 
v.mm nmctlonK with fewer starting eopicw of tilO 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the O r values. Figure 1C represents the 
C r values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
PC!R amplifications and plotted as mean values 
with error bnxs representing one standard devia- 
tion. The C r values decrease linearly whb increas- 
ing target quantity, Til us, C r v/ilui:* can be used 
as a quantitative measurement of the input target 
number. Tt should be noted that the amplifica- 
tion plot for the 15,6. ng sample shown hi Pigurc 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15,6-ng sample also achieves e.ndpoint pla- 
teau at a lower f/uoresccnt value than would he 
expected based on the input I>NA. This phcmmi. 
enon has been, (observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact signmejintJy the calculated C, value us 
demonstrated by the fh on the line shown in 
Figure 1 c. All triplicate amplifications resulted in 
very similar Cr values— the standard deviation 
did not exceed 0,5 for any dilution. This experi- 
ment contains a >1 00,000-fold range of Input tar- 
get mole<:ul«s. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range. ol Uuorcsccni in- 
tensity measurement of the Alii Prism 7700 $e- 
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merits over « very large T;m$>c» nf relative Qtartlnft 
target quantities. 

Sample Preparation Validation 

Several parameters influence the efhclenry nf 
PC;r amplification: magnesium and sail conceit 
Uations, reaction conditions (i.e., time *md tem- 
perature), PCK target si7,e and composition, 
primer sequences, and sample purity. All of The. 
above lactors are common to a single VCR assay, 
except sample to sample purity. In an effort to 
validate (he method of sample preparation lor 
the factor Vill assay, PCR amplication reprociuo 
ihility and efficiency ol 10 replicate sample 
pre] Mirations were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quantified by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-aciln 
Xene. content in 100 and 25 nj; of total genomic 
DNA. Lach VCR amplification was performed in 
triplicate* Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic 1). Therefore, each ol the triplicate PGR 
amplifications was highly reproducible, demon- 
strating that real time PCJR using this instrumen- 
tation introduces minimal variation Into the 
quantitative. J'CK analysis. Comparison of the 
mean values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for ft-nclin gone quantity. The highest C T 
difference between any of rhe samples was 
and 0.7] for the 1(X) and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluorcv 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from (be sample dilutions (Pig. 2). 
Any sample containing an excess of a VCii inhibi- 
tor would exhibit a greater measured (B-actln G r 
value for a given quantity of DNA. In addition; 
the inhibitor would be diluted along with the 
sample in the dilution analysi.% (big, 2), altering 
the expected C,. value change. Raeh .sample am- 
plication yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible, wllh regard lo 
sample purity. 

Quantitative Analysis of a Plasm id After 
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Table 1. Reproducibility of Sample Preparation Method 



100 ng 



25 ng 



Samplo 



no. 



2 
3 



5 
6 
7 

a 

9 
10 

Mean 



standard 
mean deviation 



CV 



18.24 
18.23 
.10.33 
18.33 
18.35 
lfl.4.4 
18.3 
18.3 
18.42 
18,15 
18.23 

ia.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.2B 

18.36 

18^2 

18.45 

1B.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

i B.r>6 

0 io) 



1tt.27 0.06 

. 0.06 

18.34 0.07 

18.23 0.08 

1U.42 0.04 

18.74 0.21 

18.39 0.12 

18.63 0.16 

18.29 0.1 

18.55 0.12 

18.12 0.17 



0.32 
0,3? 
0.36 
0.46 
0.23 
1.26 
0.66 
0.83 
0.5.* 

0.65 
0,90 



20.48 

20.55 

20,5 

20.61 

20.59 

70.41 

20.54 

20.6 

20,49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



mean 

20.51 
70.A4 
20.54 
20.43 
20.73 
21.06 



standard 
deviation 



0.03 
0.11 
0.06 
0.05 
0.13 
0.03 



20.68 0.04 



20.86 0.12 



20.51 0.07 



20.73 
20.66 



0.1 
0.19 



cv 

0.17 

0.54 

0,26 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.16 
0,94 



tor containing a partial cDNA /or human factor 
vui f pi*'8TM. A scries of transactions wa.s sot 
up using a decreasing amount of the plasmid v <40, 
4, 0.5, and O.l ^g). Twr>niy-roiir hours pnst- 
transfeeiion, total t)NA was purified from each 
flask ufirlh. [3*AcLiii gene utility wa* chosen *a 
a value for normali^ainm or^nuinic ONA con- 
centration from each sample, hi litis cxpctifmtnt, 
(l-actin Rene content should remain constant 
relative to total genomic DNA. Flguri* 3 shows the 
result of the pterin DNA measurement (300 ng 
total DNA determined hy ultraviolet spectros- 
copy) oi each iiiuiple. Kach Sample was analysed 
in triplicate and the mean p-actin C,. values of 
the triplicates were plotted (error bars represent 
^« vf^-,.iftr»n riM>M^i,oni '| h#» htPhp&r iiiffrrrnrr 
CSOlg] 



between any iwo sample* moans was O.'JS C,. Ten 
nanograms of total DNA of each sample were also 
examined for (.Vaclln. IliC results ogam showed 
that very similar amounts of genomic i)NA were 
present; the maximum mean p actio <";, value 
difference wa.s 1 .0. As Figure 3 shows, the rote of 
(Vacrtln C|. dia/iKc- IxrLwocn the 100 and 10-ng 
siunple.** was slmllur (slope -values rangu bwtwoen 
3.56 anU - 3.45). ThU vcri/Jes again that me 
method of .sample preparation yields sajnples of 
identical PCR integrity (i.e., no sample contained 
nn CXCCSSiJve amount of a PCR inhibitor). How- 
ever, llK-sc results indicate that each sample con 
taincd slight diffeiences in the actual amount of 
genomic DNA anaJyxcd. Determination of actual 
uenuiiiic l>NA concentration was accompli shed 
HORH Z0S6 091 6*6 YVd 00:SI 200Z/S0/ZT 
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Figure 2 Sample preparation purity. 1 he replica to 
i^mples shown In Table 1 wore also amplified In 
tripicate using 2£ ng of each DNA sample, The fig* 
ui* shows the input DNA concentration (TOO and 
25 ng) vs. C, In ihi* figure, ih^ 100 and 75 ng 
points for each sample are connected by a line. 



by plollJng the mean (3-HCtlo O, value obtained 
for eatih 100 i stunplu on a p-^ciln standard 
i.iuve (shown in J'Sg* 40). The actual genoiulc 
DNA concent rut I on of each sum ]>]«*•# */, was ob 
talncd by extrapolation to thu X-iixii, 

Figure 4 A shows the measured (l.ci., nun* 
normalised) quantity of factor VJJJ pliiHiriitl 
DNA (pIWM) from each of tlu: four transient cell 
transections. Each reaction contained JOO ng of 
total sample DNA (as determined by UV spectrum 
copy). l : *ach sample w;is analyze J in triplicate 



PC.U amplifications. As shown, pFBTM purified 
>htj\r? Jbc 293 colls decrease* (mean C, values in- 
cnm**ej with decreasing amounts of plasmld 
ilruifett'UCd. Th« xnemi C A values obtained for 
pWTM in Tlgure 4A were plotted ou h stumlvrd 
curve comprised uf scilally diluted pPKTM, 
shown .in figure 4R. The quanllly uJ pI'KTM, b, 
found in each of the four 1 rn n sleet 1 on k was do 
tcrmined by extrnpoJalion to the x axlt; of the 
standard curve in 1'igurc 41*. Those uncorrected 
M values, b, for pMiTM were 'iiornntllKud to deter- 

mine the actual amount uf pl*8'lM found per 100 
riK of genomic DNA by using the equation:. 

l> X 10 0 ng ^ denial pFBTM copies per 
a r 100 ng of genomic DNA 

where a - actual genomic DNA in u sample and 
f> pi ; B'l"M copies from the standard curve. The 
normalised quantity of pl'BTM per 100 ng of ge- 
nomic DNA for each of the four iranafacUon* Is 
shown In Figure 4JJ. 'Hicmi rrsull* show Uifli the 
quantity of factor Vlll plasmW associated wnh 
trie 293 cells, 24 hr after irunsfuelicin, di:t.n:use,s 
with decreasing; pJasmu} i.uui.v.uuaLlon used in 
the transection. Tlu: quantity of pl-'BTM associ- 
ated with 293 cells, after transection with 40 uvg 
of plasmid, was 35 pgper 100 ng genomic DNA, 
Tills results in -520 plasmid copies per cell. 
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Figure 3 Analysis uf tidiistectcd cell DNA quantity 
and purity. I he DNA preparations of ll iu four 293 
cell transfections (40, A, 0.5, and 0J txg of pF8TM) 
were analyzed for the (B-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transfectcd, the fj-aciln 
C 7 values are plotted versus the total Input DNA 



WSCUSSION 

We have described a new method for quant inn- 
ing gene copy numbers using rcaMlmc anulysis 
of PCR amplifications. ReaMimc PCK is compat- 
ible with cither of the two PGR (KT-PCR) ap- 
proac/ho: <1 ) quantitative conifHtiitivu where an 
inteijiid eompeliLCJl' for each target sequence is 
used for noxmalteaUon (data not shown) or (2) 
quantitative comparative PCK uslug *» iioun«iliica- 
tio?i gene contained within the sample (I.e., |3-nc- 
tm) ox a "housekeeping" gens for RT-POK. Ff 
equal amounts of nucleic ucid are analyml for 
each sample and if the amplification cffkir.ju'.y 
htsfnre quantitative analysis is identical for each 
sample, the Internal conhol (nojmali^ilinu gene 
or competittJr) should give equal signals for al) 
samples. 

The real-time PCU method offers several ad- 
vantages over the other two methods currently 
employed (see the Introduction). First, the real- 
time PCR method is performed in a doscd-tubc 
system and requires no post-PCR manipulation 
H0RH Z0S6 09Z, 6*6 XVJ 00:ST 2002/S0/2T 
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Figure 4- Quantitative analysi* of pFSTM in transacted cell*. (A) Amount of 
plasmid DMA used for (he transaction pfottcd against the toviin C, vatue deter- 
mined for pffiTM remaining br attcr transfectlon. (D,Q Standard curve* of 
pf-RTM and P-actln, respectively. pfflTM ON A (0) and genomic PNA (Q were 
dilutAd «Arfally 1 ;5 before Amplification with the appropriate primers. The p-actin 
standard curve wav usad to normalise Ihc results of 4 to 1 00 n<j of genomic DNA. 
(0) The amount of pF8TM present per 100 ng of genomic DNA, 



of wmplc. Therefore, |h<* jwrtentia) for PCK con- 
innilnfiUr.ni in the laboratory is reduced because 
amplified products can he analysed and disposed 
of without opening the reaction tubes. Second, 
this method suppoiU the ii.Se of a iiwruiiilixiitlon 
gene (i.e., P-actin) for quantitative. PCR or house- 
keeping gene.-; for quantitative RT-1'CU- controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
k*K phase permits many different genes (over a 
wide input target range) to he analy/cd simulta- 
neously, without concern of reaching reaction 
plateau at different cycles, Tins will make uiuIU- 
e,cne analysis assays much caMvi lv# develop, be- 
cause individual internal umipclllui* Will not be 
needed for each gene under analysis. Third, 
aamplc throughput will imiea?»c dramatically 
with the new method because there is no poM- 
PCR pmcetsing time. Additionally, woi king In a 
96-well format is highly compatible with auto, 
i ion technology, 

The real-time PCR method i:> highly rcpro. 
ducible. Replicate amplifications can be analyzed 



for ?ach wimple minimizing potential error. The. 
sysiitm allow* for a very large assay dynamic 
range (approaching 1,000,000 -fold starting Uu- 
gel). UmIiik a .standard curve for the target ol in- 
terest, relative copy number values can be deter- 
mined for any unkjiuwji huiuplc. fluorescent 
threshold values, C T , coueJuir. linearly .with rela- 
tive DNA copy numbers. Heal time quantitative 
H'JWCK methodology (Cilbson et al v this l.uue) 
ha* abo been developed, finally, real time quan- 
titative PCU methodology can he used tu develop 
high-throughput screening assay* for n variety of 
applications [quantitative gene c*j>jea»iuu (KT- 
PCfc), gene copy aaaaya <Mcr2, 111V, ClC), gCilO- 

*yp' n tt (knockoul mouse analysis), and Jmmuno- 

pohj. 

Real-time PCU may al«o l>e j>erformed using 
intercalating dyes (Higuohi et ul- WA) such «5 
cfJiiditim bromide. The fluorogenic prohe 
method offers a major advantage over inter- 
cabling dyes- greater specificity (i.e., primer 
dlmvrs and nonspecific PCR products are not de- 
terted). 
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MfcTHODS 

Generation of <i Piasmld Containing a Purtiol 
cDNA for Human Factor VIU 

TOUtl KNA w«> hiirvcMed (UNA*r»l It from 'I <-» Tc«r Inc., 
iTKiidftWOOd, TX) 'roiu cell> liAiiAfccKtl wllh a factor VHl 
expression vector, pClS2.tk4&U (KoUm et fih WMi Got'* 
man e.l al. 1900). A factor VIM partial cl)NA my|UC*ihv WHS 
K c-ncirnic-d by UT (CJeneAmp IOC l'hh UNA \>C\\ Kit 

(pan Nwwwn yy,rhAni»i»«j iiiosy&icms, l-osu-i CMy, CA)j 

using the I'CTK prim its TOfor *md PRrev (prinirr M»qiieiirrS 
are fthown below). The am falcon was reamplif»-d using 
modified (Wor and Wrcv primers (iiji|xiuU*d with huwH) 
and HwtWW restriction site sequences «t the V cnd> and 
Clonal Into jXiliM- 3Z (lVojiiegu Corp., MuduioD, Wl). The 
result ing clone, pVSTM, was uwd l<jr transient transfcctlon 
of W% cells. 



Amplification of Target DNA <uu! Detection of 
Amplicon Faclor VIII Plasmid DNA 

(prHTM) was amplified with lliv piiuu-i» VHUn S'-CXX:- 

cnYKXiAAUAUltJAtXiiCnWa' and Wrev .v-aaac:c;t- 
l^CCXrrOGAnUj l'AttG-3'.The renclUui pioduevd w 422- 
hp k:k product. The forward primer w«j» designed lo k%- 
ognl/.e « unk| in- M'i|uuiu* {inn id In the !>' uniranshMed 
rey,K>n of the. pmtrni pC132,tk25J> pIciMirid mitl therefore 
doe* ik»( jeougrjUu mid mnplify the human factor VI 11 
gene. I'rimnr* wore choKon with the av*ivt<*nrf of I he com- 
I>ulcr program Oligo 1»<J (Nut hum I Uiu^eienees, hn\, Ply- 
mouth, MN). The human p-actln gpw was amplified with 
the primer* fi-tH lin forward primer S'-TCAOOOAOA* ri ( IT 
GCCCATC.TACX;A-.T and p-actin reverse piimcr V-<:A(;. 
- CGGAACCC:fri'<:ATl*<{c:tJ\A'J , GG.3'. The reaction pro- 
duced a ZV5-bp pC:u product. 

Amplification reactions (SO ^1) contained a DNA 
sample, )0x PCU Kuffcr II (S ^1), 200 n>M dAIV, dCW, 
dOTP, and 400 »im ril)TI>, 4 inM NigCI,, 1.5W Units AmpJI 
7Wi; pna polymerase, 0,5 unit AmpKrasc uracil N-f;iy- 
t:twyluj»c <UNC) # 50 pinok* of each focloi Vlll plmci, und 15 
j.Miioh* of iiudi |4 MCtlr) pthliw. 7lut i^aetlui^ liko *:t>nlrtlj»cJ 
OHO Of the fo Mowing Refect Inn pmhrK (HM1 iim mr|i)j 

J'fc*j>r<»ii<- A f (iUM>Ae:cnrrj , c:f:A(:c:T<ifrn , c:'rrr<n»cr- 

GCOTT(TAMRA)p 3' niid p-ttt1in probe 5 f (TAM)ATGCX:c:- 
XCi'AMHAJCCCCrjATGCCA'rCiv.T wl.crc p indicales 
plioiphorylftlirtn And X indicates a linker arm nucleotide. 
Reaction UiIk-5 wm- Mtt:rt»An\p Optienl T»1h s s (part Atim- 
I.ht NK01 00 XI, PcrJdn Ulnier) thai wore frosted («t IVrliln 
nimcr) to pro-cut light from reflecting. ')\tbc ca]>i were 
slmil^v in Micro Amp C;nj>s hut spcciAlIy ck-sifincci lo prc- 
Ycnl ll^hl sculkTMig, AlUit I'CU w^n wiuiuutvU-* were tt^i}»- 
|/liv:d 1>y PK Applied ltio«yrt?mv (I'-o^ier C!Uy, CA) except 
I he* factor VIU primers, wliieh wne xynihcslxrd ut Cvnvn 
lech, Inc. (South Sim lVbn clsco, CA). Prot>e-v ww dosJ^nod 
using the Olif;o 4.0 .noftwor^ following guidelines mij;- 

^csien in me Model 7700 .Sequence Detector lii.Miuiueiil 
manual. lirk-Tly, pn>be T„ ^muld he At least 5PC hlftHrr 
man tht* Jinneidinx icrmiA'Mlure u.^ed during (hrnnul cy- 
rhny primers sho\dd nt>i fonn Nl*ihle duplexed with (he 
j>/nr>c\ 

The theruMil tyrllng cunditUuvs Included 2 in In ftt 
50 o C and 10 nun ut 95 W C. 'Ilirj-utal cycling proerrdrd with 

90RM 



rcactiouK were performed *m the Model 7700 % Spc|itcnce Oe- 
U-»1<ir (l*U Applied Uluvy^lvuik), winch contain* * Gene- 
Amp l»C:k SyMwm Uoac.Uon condition^ w**re p«v 

Rrutlllliuxt Mi».. i I'uwgr M«cinli"b V100 (Apple f.>.unpiHf>r, 

Santa Clara, CA) linked dirv«ily ie» the Model VVOft Se- 
o^ucitcv !><ilfrCtor. Attwty*!* *d data wnv nUu perf/»rmed on 
the Mm UtriAh computer, CV>IIcwhUwi and »na1ydK «>ftw:iro 
wu* Oevelo|Wl Ht l'K Applied Wosyxtuins. 



Traiufection of Cells with Factor VIII Construct 

J-'our 'n7.S flasks of 29$ cells (ATCG CHI, 157'.i), ;i humnn 
fctol kidney suspension cell line, were oruwu to 80%,con- 
tluoney iftd tranifected pVKTM. Cells were grown in the 
following mcdlnt £0% HAM'S withoui OUT, 50% Iihm 
glucose ))vd hetvi's fimdlflcd Kajjie medium (i)MKM) wltli* 
om glycim: with sodium bicdrhonatc, 10% ictal bovine 
serum, 2 iiim i.^Ud<«rtinc, And 1% pcniciiJin-strcptomy- 
tin, Thr. medio w«» dt^nj^ed 30 mln Won- the han^cc 
lion, pI'OTNf DNA amount* of 40, 4, OA, and 0.1 were 
i»dttf:d to 1..S ml of n solution conulnlng 0,t2.s m CuCl/ 
and 1 x MWliS. The four mixture* were left al room tern- 

pcMTilurr fr»r TO niln and then lidded drtijiwlif Itv die ceils. 
Tire n*i>k> wvif /intubated al 37°C'and S% (*:O a f»r 24 hr. 
washed with PUS, imd rcAu^pcndcd In PUS. The u'hiih 
jn*niK:d cclln were divided into t»lup»>is unci DNA wftd cv- 
tr>U!tvd ImiiKtdlutcly usini; IhvQJAu/np IvUk k* Kit (Qi^pien. 
Cihtttwortl), <,tA). I>NA w»s duU-d li^lo 200 of 20 
TrU-lia ul pll 8.0. 
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